Abstract Results are given of investigations into the determination of the main structural and technological parameters of a high-gradient magnetic separator with a ball matrix. The design has been developed and a possibility has been outlined of effective beneficiation of kaolin at the magnetic induction 1.0 to 1.2 T. Comparative tests of separators with a ball matrix and a steel wool matrix (SALA-HGMS) have shown that the parameters of separation are the same. In the former case, however, a considerable reduction in specific input of metal, electrical energy, water and air per tonne of product is achieved. The advantage of the ball matrix is most fully displayed at the extraction of finely dispersed weakly magnetic particles from ores and slimes of low content of magnetic fraction.
INTRODUCTION
The deterioration of quality of raw materials has resulted in reduced output of better grades of kaolin which are inconsiderable demand in the porcelain and paper industries and elsewhere. The removal of weakly magnetic minerals from kaolin clay is the decisive factor in their processing. The most severe difficulties are encountered in the removal of fine particles of ferrotitanium compounds, several micrometers in size, and linked with silicate lattice. In order to solve this problem, high-gradient magnetic separation (HGMS) has found a wide application and is now competing with traditional beneficiation processes.
In magnetic beneficiation of kaolin, an important aspect is finding a matrix that permits effective extraction of weakly magnetic finely dispersed particles, and the optimum regime parameters for the separation process [1 to 3] . Over the last years, steel wool has been widely used as a matrix [3, 4] . Such a wool consists of thin wires 20 to 50 #m in diameter and it permits effective extraction of finely dispersed 1 to 2 #m particles. Such a design suffers, however, from the drawback of increased energy consumption, excessive metal input and difficulties with matrix regeneration, and an urgent solution is needed. This paper presents the results of investigations into a design based on a ball matrix., as compared to SALA separators. The experiments were conducted at kaolin plants in the Ukraine (Prosyanaya and Glukhovtsy), the largest in Europe.
DESIGN AND OPERATION PRINCIPLES OF EXPERIMENTAL BALL-MATRIX SEPARATOR
The design, shown in Figure 1 , was developed at the State Design Institute for Processing Equipment in Lugansk, Ukraine. The separator, operating in a cyclic mode, under automatic control, consists of an electromagnetic system 1 and bath 2, mounted in the gap of the electromagnet. The bath contains a cassette 3 filled with ferromagnetic balls. The electromagnetic coils are cooled by the fans. The separator is equipped with a centrifugal cleaning system for the layer of balls and for the discharge of the magnetic fraction.
The feed material is uniformly distributed throughout the canister with the aid of unit 4, and the products of beneficiation are discharged through the outlet 5, whose diameter determines the output of the separator.
The operational principle of the separator consists in the following. With the electromagnetic system switched on, the high-intensity magnetic field is induced in the ball layer. A suspension containing up to 30% of solids is introduced into the working region and filtered through the balls. Non-magnetic particles pass, together with the water, and are discharged into a compartment for cleaned material; the magnetic particles are trapped by the balls.
On completion of the cleaning process the field is switched off, the ball are regenerated and the magnetic product is discharged. The cycle of the separator is the sum of the times of the cleaning as well as regeneration and discharge stages. Preparatory operations associated with the cycle include the interruption of the feed and the switching on and off of the electromagnetic system, all of them performed automatically via a program prescribed by the control station. On the basis of the above described model, the main structural and technological parameters were determined for industrial ball matrix separators for kaolin beneficiation, with output'2 summarised in Table I. to 8 tonnes per hour. These parameters are Ball diameter, mm In the preliminary investigation and in the industrial tests, the optimum density of the feed, the throughput of the separator, the performance of principal units and of the automation system, the efficiency of the re---cleaning operation, the cyclicity of the set-up and the recovery of the iron and titanium oxides, versus their concentration in the feed were also determined. The most important techno---economic data on the separators that were compared in our study are summarized in Table II . The use of the ball matrix, instead of steel wool, reduced the metal input of the system by a factor of 2.5, the consumption of electric energy by a factor of 3, and the consumption of water and air for the regeneration of the matrix by a factor of 10 or more.
The reliability of the setup and of the regeneration system was established. The superiority of the ball matrix was best demonstrated by the recovery of fine weakly magnetic particles from ores and slimes with low content of the magnetic fraction.
